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The relintility of a micravave radar trane-
pondor bemcan ag a navigatinnel nld hes baen ime
proved by meterially radusing nunescssnry treaffieo
handled by tha banegen, A 1avid Tulld-up, elnw
racovery syotem of autonnbie gnin contrel is used
in the i~f amplifier to provent ocho saturation of
the raceivar with rasultant pulpso width distortion,
Additional oporationnl trinrls are recommended as a
bogie for future benoon dealsns and modifiontions,
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JITTRODUCTION

1, The AN/CPN-6 Radar Transpondor Beacon is a shipboard or land-
based oquipment operating on the "X' bvand, The equipment supplies
range, agimuth, and identification information to airborne radar
operators, Tho cepacity of transpondor beacons to carry " heavy
traffiot, 1.e. %0 reapond to a large number of interrogations,deponds
largely upon the ability of the pulse width diseriminator to rojoct
wintentional interrogations, Since tho average power dissipation

of the boacon transmitter is limited by tube rntings, it ie highly
dosirnblo that unintentional interrogations Ye kept to a minimum,
thus making the power capability of the transmitter availabdblo for
reply %o intentional interrogation, Diffioculty has been experionced
in the field, partioularly in land~based installations, with Ygchew
strotohing' of pulsod eignale and the consequent failure of tho pulsee
width diseriminator to reject unwanted signals, The effects of this
pulse stretiching mey be roducod by & simple method of automatic gain
control whioh has been developed and testod at this Laboratory, in
accordanco with roference (1), Models of this oirouit have boen
fittod into an AN/OPN~8 receiver and field tested, It was observed
that conpiderablo irmprovement in disoriminator performance was gainod
by the incorporation of thig circuit in thoe bencon rescsivar.

)

2, The pulsc=width discriminator of a transpondor bomcon is
intondod to allow the beacon to reply only to pulsed signals of
aprroximately 3 microseconds duration, that belng the type of slgnal
rodintod by alrborne radars desiring beacon rosnmonse, Signals of
epprecinbly longar or shorter durntion, such an those rndiated by
airvorne rndars during searching, should %o poeitively rejected in
ordor to minimive traffie and allow only usable signals to bde transge
mittod by the bencon, The performance of the nulas width diseriminator
in tho fleld was disappointing in view of results obtoined in labora~
tory tests, The pooror performance in the field has beon traced to
acho stretehing offects, When it is realized that e one-microoecond
radar search signal, originnting several miles digtant, need arrive
nt the bonocon by two paths differing only 300 yards to add in guch a
manner that a two-mioroseccond pulae is formed, this situntion cnn de
wndoratood, The objeot of tho work to be dosorived in this report
was $0 improve the ability of the bemoon pulse~length discriminator
to funotion more officlently by reducing ocho-stretching,

3. A atrong pulsod signal, rocelvod and ammlified by a convane
tional superhetorodyne beacon receiver, will reach an amplitude greot
anough to drive the vidon and latter 1~f nmplifiors to plate ourront
out~off and grid current regilons. Tho signal is also amplitude limited
intontionnlly, as shown by Plate 1, at a level slightly greator than
noige by the pulsc-width discriminntor, in order to make that oircuit
function properly, 1t can bo seen thet any echoes of amplitude greator
than noisc will also limit at the samo amplitude as the stronger,
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directly~received signal which precedes them in time, thus forming

in the recelvor a signal of longer duration than the one ariginally
tronsmitted, This offect is shown nn Plate 2, When dealing with
strong signals, this iimiting effoct tnkes plnce in the i~f amplifior,
thus making tho pradlem of greater scope than video averlond,

4, Bxcept in unusual and enmplex situatinng, the atrongest signal
roceived from an airbarne radar will be tho ome traveling the diroct
path fror plane to bemcon antenna, Alan, axiomatically, this sirnal
will arprivo bofore any of ita ashoss; Thorefore, n oirocuit which
would roongnize amplitudo differenscs, even at atrang signal lovels,
and olinminate the weaker cchoes e¢nuld Yo wikpeotod to give Yobtor
dlsorimination information than the eonventisnal superhoterodyne
rocolvor, AT

8, A fagt-acting, autematiomgaineo.r rel clroult wag deslaned to
control ‘he gain of tha i=f ammlifier, providing a rapid reduwotion
of pain and a relatively slow recovery,”

8o A cirouit diagrem of nn amplifior having theno propertios ia
shown in Plate 3, The last four stages of the amplifier provide
the ocho supnressinn, the lovel 4n the firat five stamos seldom
exseedina tholr handling abvility on even sxtremely strong sipnals,
Tho "™ gection high-pnss filters between tho latter utages of tho
arplifier sorve to reduce the video component of the rapid changes
in grid bias by siving the nmmlifier a sharper outnff at tho low
frequonoy ond of 4ts bandpass, Oain, bandwidth, and power conswm=
tion aro comparable to the original AN/OPN~8 i-f amplifier, Platc
4 showa the oporation of the laat stagoe which ia typieal,

T Lavoratory measuremonts were made to determine the slgnaletos
ocho ratio which could be toleratod by a receives employling this
circult, and comparod to the saleulated performance of a convonticnal
recoiver ap shown in Flate 5, The input signal Ls plotted os abolagn
and noximum non-triggeriny ccho signal input 4s plottsd as the
ordinate, Onin reduoctirn as a functinn of input signnl is plottod
osaingt time on Plate 6,

8, Preiiminary £f1ipht tents were nmade at Radimtion Labaratory,
Banton, Massachusetts, using twn CXIH oquipments nt Deer lsland,

Tho atand=by equipmont wes modified by installing the "echo suppressiont
clrouit in the i=f ammlifier of the recolver,  Laboratnry tests showed
it to have comparable performansce to that shown ~n Plate B, An
flroraft, SNB 091, earrying model A3SD Radnr HRuipmont, was used in

tho testss A flight of 60 milc; was made to assure satisfactory
operntion of voth Radar and Bc ann, using conventional 2 mierosocond
interrognting signals, The local oseillator of ‘the radar model®

ASD raceiver was then tuned tn receive the bencon frequoncy while

tho radar radiated n 1 miorosccond " Search! sismmal, Thus, it vas
Possible to determine when the beaasn was interrogated by "gearch!
slgnals, A plot of the data obtained is shown by Plate 7, At tho
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susrostion of Mr, John Tinlot, nf Radiation Laboratory, 8 serve
multividvrator was trigeered from the tralling edge of the simals
and & nesative rectangular wave fror the multividbrator applied to
the suppressor grid of the third i~f amnlifior tube of the stand-by
roceiver, This served to reduce the gain of the roceiver for a
poriod of 20 miecromecnnds and return it ts neammal vory quickly, in
contrast to the approximntely exnonential recovery of the "ocho
guppression’ oircuit alene, Tlight test data for this arrangement
is algo ghown on Plate 7, In all onses, the greatest range at which
the bancon mignal wos visidle is plotted in order to presunt the
gormarignn from a poseinietic viewnoint, This is considored morited
by the difficulty of duplicating several variables in the alrborne
and ground oquinnents, such as receiver sensitivities, antennn tilt,
oorrect tuning at exact instant interrngntisn bvogan, eto,

N Plight tenta were alan nade, using two AN/0PN-8 Radar Transnondor
Beason equipments installed at the Naval Resoarch Laboratory ntop
building 42, One beacen was nodifiod to inolude the "Bohn Suppression
I-F Amplifier in the recoiver, The receiver gain onntrol was

rowired to vary the gain of the video amplifier, thus allowing mexinum
goin to bo wsed at All times in tho i-f amplifier in order to obtaln
optinum operation of the supprossion feature, Powor eupply-and space
linitations ruled 'out the multivibvrator ciroudt desoribed in para-
graph 8 for the rresent moditfientinn, 4 0,1 microfarad oandonsor
roplnoed 0308 in the video amnlifier, The ariginel condenser was a
Purposoly inadequate by-pass niming to obtain a stooner tralling

oldne of the pulse hy alight differentintion, Thias feature was no
longor necessary and was romoved to mako operation more straighte
forward, A shiphoard typo antouna was used for ono beacon and landw
Yoaad type for the other, In ordor to bYe able to record datn on

both beacons simultanceusly, & Type OW-60ABZ Radar Range Onlibrator
wog uged to delay the Discriminator trigrer ¢» the Ooder of ano
oquipnont, The delay was adjusted to inoreese tho apparont rango

ton niless Tn nrovide n bettor comparigon of the tws receivors,

thoy wore interchanged after the anta for Plate 8 was nbtnined and
tho tests remoated, yielding the data frem which Plate 9 was plotted,
A Noval aireraft, SNB39819, flying from Naval Air Station, Wariliagton,
D.C. nnd equipned with radar model ASH, was wsed in abtaining tho
dotes Tho "Senrch" locnl ocsecillator of the model ASK was tunod to
rocelve the henoon frequency id order that the beamcon transmitter
could bo receivod whon tho airbarne oquiwnent rndinted either a 0,68
nioresacond "Senreh' nr 3,0 miorosecnnd "Bencon" gisnnl, Platen 8
ond 9 show the resulta obtainsld when flying toward the beacons fron
difforont directi~nn, The shadod nrchs renrosent the area enclosod
by tho naximum rango maints at which the standard and modified
baneons could be interrosnted by the 0,6 micrcsecond " Searoh sisnal,

10, A productinn prototyne of the " Ncho=Suppression I-F Amlifiex"
was constructed and tnken tn the Galvin Manufneturing Corporation vy
onineers of this Lahoratary, The manufncturer's engincers woro
funillarized with the theory of operation and methods of tosting the
performancoe,
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11, Plans to incorporate the amplifier in all production equipments
wore cancelled when tha entire bomcon contract wus terminated, although
a trial profuctinn run of ten amplifiers was gompleted, It is under—
stood that these units will be shinped to this Ladoratnry, with the
intention that they be instolled in oporational heacons wharo ocho=-
gtrotohing problems have beon encountered.

SONQLUSICNS

12, It has been found that microwave beacons are not always reliable
nevigntional alds beonuse of thelr inherent traffic-handling limita~
tiong imposed by surrounding ovjects and equipments, The heacons are
ofton unintentionally interrognted by alrdorne radars in search
operntion and by others on test benches and in meintennnce shops in
the viocinity of the heacon installation, The emplifior desorided

in this roport, when properly incorporated in a modsl AN/CPN-6 Badar
Transpondor Bencon Bquipment, is capable of relioving that equipment
of much unnecossary traffic, leaving it freoc to serve legitimato
interrogntions,

RRCOMIRIDATIONS

13, In view of the devided improvement shown in fleld tests, it 1
recomnionded that ten "Noho Supnression I=F Amplifiors, built by
Golvin Monufaoturing Corporation, be instnlled in operational AN/ OPN-6
Rodny Trangnendor Beacons vhich Are known to zive unsatisfastory
perfornance bocause of excessive traffic requirementa. A onroful
analysis of their oporation should then be made to serve as & gulde in
future microwave boncon dosisns and modifientieng,
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